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THE CLAIMS DEFINING THE INVENTION ARE AS FOLLOWS: 

1. A method of determining the removal of nnaterial($) from a locatton, the 
method including the steps of: 

calculating revenue, and 

detemilning a schedule with.regard to grade constraints. 

2. A method of detemninlng the removal of maferlal(s) from a location, the 
method including the steps of: 

calculating revenue, and 

determining a schedule with regard to Impurity cmstraints. 

3. In combination, a method as clalmetf In dalm 1 and 2. 

4. A method of detemninfng the removal of material(s) from a location for a 
mining operation, the method including the step of : 

calculating a schedule, having regard to the expression: 
(Revenue) R= E(A. D. F)- S(C.D.E)- E(W.D .(E-F)) 
^ere: 

A denotes the revmue received from a unit volume of product 
C is mintng cost per tMock, dump and/or panel 

D represents a variable disoourd for future values of V/fof). In that v^iu) 
denotes the Value' On today's dollars) of a block^dump/panel having a 
Identification numt^er 

E Is 1 if the block/dump/jpenel Is excavated and 0 otherwise, 

P is a fraction of a block considered to be ore, and 

Wiscost of waste. 

5. A method as claimed In claim 4, wherein fraction of block/clump and. or 
panel Is calculated by expression: 

(Revenue) R= i;(A . O . F) - E(C . D . Q) - E(W . D . (Q - F )) 
where: 

A denotes the revenue received from a unit volume of product 
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C is mining cost per blocKp clump and/or panel 

D represents a variable discount for future values of V/fai), In that i//(ai) 
denotes the Value' Gn toda/s dollars) of a block/dumpApanel having, a 
Identification number jf » 

F Is a fraction of a block c:onsldered to be ore, 

6 represents a portion of a blocMblump^panel, and In where 0 and 
G is£ , and E is 1 If the block/dump/panel Is excavated and 0 otherorise, and 
Wis cost of waste. 

6. Apparatus adapted to determine the removal of material from a location, 
said apparatus including: 

processor means adapted to operate In accordance with a predetermined 
instruction set, 

said ierpparetus. In conjunction with said instruction set, being adapted to 
perform the method as claimed in any one of daims 1 to 5. 

7. A block, dump and/or panel schedule established in accordance with the 
method as daimed in any one of claims 1 to 5. 

8. A computer program produd including: 

a computer usable medium having computer readable program code and 
computer readable system code embodied on saM mediivn for determining the 
rmioval of material frem a location and operable within a data processing system, 
said computer program product including: 

computer readable code within said computer usable medium for 
determining, at least In part, a sdiedule in accordance with claim 7. 

9. A computer program produd Indudlng: 

a computer usable medium having computer readable program code and 
computer readable system code embodied on said medium for determining the 
removal of material from a location and operable within a data processing system, 
said computer program product Including: 
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computer readable code within said computer usable medium fbr 
detenmlriing the removal of material from a location, at least In part. In accordance 
with the method as daimed in any one of claims 1 to 5. 

10. A method of detemninlng the lemcval of material(s) of a differing relative 
value from a location. Including: 

determining the approximate volume of material to be removed, 
dividing the volume to be removed Into at least two blocks, 
attributing a relative value to each block, 
the Improvement including: 

sorting each of the blocks according to its value, 

llsHng each blodc and its assodated value In a tabie» irrespective of 
viola1ion(s). 

re-sorting the table llstir^ to reduce violations. 

11. A method of reducing violations in the removal of materlal(s) in block(s) of 
a differing relative value from a location, the method including: 

selecting a block, 

determining a cone corresponding to the selected block, 
determining violations attributed to the cone, 

determining a new position of the cone with refersnce to reduced 
violations. 

1 2. A method of redudng violations in the removal of mater1ai(s) in block(s) of 
a differing relative value from a location, tiie method including: 

selecting a block, 

determining a cone corresponding to the selected block, 

determining ^rtolations attributed to the cone, and 

determining a new position of the cone with reference to Improved NPV. 

1 3. In combination, a method as claimed In daim 11 and 12. 
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14. In the removal of matBr1al(8) in block(s> of a differing relative value from a 
location, a method of determining a new oone position in a stack, the method 
including: 

determining a number of vlolaUons associated with a first cone position, 
determining a number of violations associated with a second cone position, 

the second cone praltion having less than or equal number of violations as the 

first cone position, 

selecting as the new cone position, the second cone position. 

15. A method as claimed In claim 14, wherein ttie second oone position is 
detemnlned iteratiyely* 

16. A method as claimed In daim 14, wherein the second cone position Is 
determined randomly. 

17. A system Ibr determining the removal of materfal(s} of a differing relative 
value from a location, including: 

first means determining the approximate volume of material to be removed, 
second means dividing the volume to k>e removed into at least two bloci<s. 
third means attributing a relative value to each block, 

ttie Improvement Including: 

sorting means for sorting each of the blocks according to its value, 
means for listing eadi blodc and Its associate value in a table. 

Irrespective of vioIation(s), and 

re-sorOng means for re*sortIng the table iisfing to reduce violations. 

1 8. A system for reducing violations In the removal of material(a) In bloclc(s) of 
a differing relative value from an allocation, the system including: 

selecting means for selecting a biock,^ 

determining means for determining a cone corresponding to the selected 

t>iock, 

violation determining means 16r determining violations attributed to the 
cone, and 
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poslflon determining means for determining e new position of *ie cone witli 
reference to reduced violations. 

19. A system of reducing violations In the removal of material(s) in block(s} of a 
differing relative value from a location, the system including: 

block selecting means for selecting a block, 

cone determining means for determining a cone corresponding to tiie 
selected block, 

violation determining means for detemnining violations attributed to the 

position determining means for determining a new position of the oone with 
refarenoe to Improved IMPV. 

20. In combination, a system as claimed in daim 18 and 19. 

21. In the removal of matertal(s) In block(s) of a differing relative value from a 
location, a system for determining a new oone position in a stack, the system 
Including: 

means fbr determinir^ a number of violations associated viHth a first oone 
position, 

means for determining a number of violations associated with a second 
cone position, ttie second cone position having less than or an equai numt>er of 
violations as the first cone position, 

mearts for seieoting as ttie new cqne position, tlie second cone position. 

22. A system as claimed in claim 21 , wherein flie second oone position Is 
detemnined iteratlvely. 

23. A system as claimed in dam 21, wherein the mcond cone position is 
detemiined randomly. 
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24. A computer program product Including: 

a computer usable medium having computer readable program code and 
computer readable system code embodied on said medium lor detemilnlng the 
removal of material(s) oT a differing relative value from a location, within a data 
processing system, said computer program product including: 

computer readable code within said computer usable medium for 
displaying determining the removal of marterial(s) of a differing relative value from 
a location in accordance with anyone of claims 1 0 to 1 6. 

25. A mettiod of determining the removal of materlal(s) from a location. 
Including: 

selecting a value of risk, 

calculating a oonresponding return, and 

detemnlning a sdiedule conesponding to the risic and return. 

26. A method as claimed in dalm 28, wherein the return corresponds to NPV. 

27. A method as claimed in claim 25 or 26, wherein the risk corresponds to 
variance in NPV. 

28. A method as claimed In dedm 25, 26 or 27, wherein the return conesponds 
to the expression: 

Return (NPV) = Eav (v^(ai)) .D.E 

where: 

av ( v^j is averege block va!ue» 

D represents a variable discount for future values of v,^ {to) , and 
E is 1 if the block/clump/panel is excavated and 0 otherwise. 

29. A method as claimed In any one of claims 25 to 28, wherein the risk 
corresponds to the expression; 

Var(NPV) = F + G 
where: 
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F Is (variance In v^^ (id)). D.E ^ 
G is (oovarlance In (v,.,v,^)) • D . E 

D represents a variable discount for future values of v,,, and 
E (s Hf the block/clump/panel Is excavated and 0 othenwise. 

30. A method as claimed In any one of claims 26 to 29. substantially herein 
disdosed with reference to Figure 12 of the acoompanving drawings. 

31. A bloc*, clump and/or panel schedule e^blished In accordance, at least 
In part. In accordance with the method as claimed in any one of claims 25 to 30. 

32. Apparatus adapted to detemilnlng the removal of material(e) from a 
location, said apparatus including: 

processor means adapted to operate In accordance with a predetermined 
instruction set, 

said apparatus. In conjunction vAXh said instruction set, being adapted to 
perform the method as claimed in any one of claims 25 to 30. 

33. A computer program product Including: 

a computer usable medium having computer readable program code and 
oomputer readable system code embodied on said mecBum tor determining the 
removal of material(s} from a location within a date processing system, said 
oomputer program product including: 

computer readable code within said computer usable medium for 
determining, at least In part, a schedute in accordance with claim 31 . 

34. A comiDuter program product including: 

a computer usable medium having computer readable program code and 
computer readable system code embodied on said medium for determining the 
removal of material(s) from a location within a date processing systein, said 
computer prograrn product Including: 
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computer readable csod^ Within said computer usable medium for 
detemnlnlng, at least In part, a method in accordance >Artth any one of claims 25 to 
30. 

35. A method of determining an aggregated block ordering for the fraction of 
material from a location, the method including the steps of: 

from a block sequence In a raw fbnm, clustering blocks according to: 
spatial coordinates x, y and/or z, and 
a further variable V. 

36. A method as claimed in <Aa\m 35, wherein variable V Is decreased In 
emphasis to provide clusters that are mora dosely related to the raw fomn. 

37. A method as claimed in claim 35, wherein variable V is increased In 
emphads to provide dusters that are relaUveiy spatially fragmented. 

38. A method as claimed In any one of claims 35 to 37, wherein variable V 
reiates to any one of or any combination of time, value, grade, ore fype. 

39. . A method as claimed in any one of claims 35 to 38, wherein duster size is 
controlled. 

40. A method as claimed In any one of daims 35 to 38, wherein duster shape 
Is controlled. 

41. A method as claimed in daim 39, wherein controlling pushback size is 
tecililated by controlling s1^ of the duster. 

42. A method as claimed In any one of claims 35 to 41, further including the 
step of propagating the cfuster<s) in a relatively time ordered way to produce 
pusiibacks. 
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43. A method as claimed In claim 42, further Including the steps of: 
after propagating to find pushbacks, valuing, and 

feeding back the value infomniation to Hie choice of cluster parameters. 

44. A mine designed In accordance with the method as clamed In any one of 
claims 35 to 43. 

45. Material extracted from a mine as claimed in claim 44. 

46. Apparatus adapted to determining an aggregated blodc ordering for the 
extraction of material from a location, the apparatus including: 

first means for clustering blocks from a block sequence in a raw fomn, in 
accordance vyrtth: 

spatial coordinates x, y and z; and 
a further variable V. 

47. Appaiatus including processor means adapted to operate in accordance 
with a predetermined Instmction set, 

said apparatus, in conjunction with the instruction set» being adapted to 
perfomi the method as claimed in any one of claims 35 to 43. 

48. A computer program product Including: 

computer usable medium having computer readable program code and 
computer readable system code embodied on said medium for determining slope 
constraints related to a design configuraflon for extracting material from a 
parttoular location witMn a data processing system, saU computer program 
product Including: 

computer readable code within said computer usable medium for 
performing the method as claimed in any one of claims 35 to 43. 

49. A . method of determining a mine design, the method including the steps of: 
detenmlnlng a plurality of blocks in the mine, 

aggregating at least a portion of the blocks, 
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. provldlng.a block sequence using an integer program, and 
refining tlid sequence according to predetermined criteria. 



50. A method as claimed in claim 4Q, wherein the predetenmtned criteria relate 
to time and/or space of extraction. 

51. A method as claimed in claim 49 or 50, wherein the predetermined criteria 
is to propagate clusters to form pushbacks. 

52. A method as claimed in dalm 4S, SO or 51, wherein the predetermined 
criteria relates to reviewing the sequence for value and/or mineability. 

53. A method as claimed in any one of claims 49 to 52, . wherein the 
predetermined criteria serves to adjust dusEerlng parameters. 

54. A method as claimed In any one of claims 49 to 53, wherein the 
aggregation Is performed relative to spafial and/or value clustering. 

55. A method as claimed in any one of, claims 49 to 54, wherein the block 
sequence is provided relative to dump variaiDles. 

5S. A metlKKi as claimed In any one of claims 49 to 55. wherein the refining of 
the sequence is conducted relative to secondary dusteifng. virtth a fourth co- 
ordinate. 

57. A method as dalmed In any one of daims 49 to 56. further including the 
step of determining relative minimum mining width. 

58. A mine designed In accordance with the method as claimed in any one of 
claims 49 to 57<. 



59. IMatevial extracted from a mine as claimed in daim 58. 
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60. Apparatus adapted to deteifnlrtd a mtne design, the apparatus including: 
first means adapted to determine a pturallty of bloci<s In the mine, 
second means adapted to aggregate at least a portion of the blocks, 

third means adapted to provide a blodc sequence wUng an Integer 
progiamt and 

fourth means adapted to refine the sequence according to predetermined 
criteria. 

61. Apparatus induding processor means adapted to operate In accordance 
with a predetermined instruction set, 

said apparatus^ in conjunction with the instruction set. b^ng adapted to 
perform the meffiod as claimed in any one of claims 49 to 57. 

62. A computer prc^ram product indudtng: 

cmnputer usable medium having computer readable program code and 
computer readable system code emlKxJied on said medium for determining slope 
constraints related to a design ccmfiguratlon for extracting material from a 
particular location within a data processlnjg system, said computer program 
product including: 

computer readable code within said computer usable medium for 
performing the method as claimed In any one of daims 49 to 57. 

63. A method of determlrdng a mine design aubstantiaiiy fn acoordanoe with 
Rgure 13 as disclosed herein. 

64. A method of determining a schedule for extraction of ciump(s>, the method 
Including: 

determining a period of time corresponding to at least a portion of the 
ciump(s), and 

assigning the period of time to the portion of clump(s). 

65. A method as claimed In daim 64, wherein the steps are repeated for other 
portion(s} of Clunip(s}. 



wo 2004/033854 PCT/AU2003/001299 

59 

66. A method as claimed In daim 64. wherein the portion Is zero. 



67. A method as claimed in claim 64, 65 or 66* wherein the portion of ciump(s) 
is assigned a period of time on the basis of predetermined attributes. 

68. A method of determining an extraction order of bloclc(s) from 
corresponding clump schedule, the method Including: 

performing tlie method as claimed In any one of claims 64 to 67. 
determining which portion<s> of clump(s) have been assigned the same 
period of time, and 

Joining together blocks located in the porfion(8) having the same period of 

time. 

69. A method as ctedmed In claim 68, whardn the order is determined by 
extracting blocks from an uppermost sequence of blodcs through to a lower 
sequence of blocte. 

70. A method as clainried in claim 68 or 69, further including the st^ of refining 
the block order to Improve NPV. 

71. A meflnod as claimed in daim 70, wherein ttie refining of NPV is Initiated 
firom the block sequence obtained from a dump schedule. 

72. A mine designed in accordance with the method as claimed in any one of 
daims64 to71. 

73. IVIateriai extracted from a mine In accordance with the design as daimed in 
claim 72. 



74. Material extracted from a mine In accordance with the method as daimed 
In any one of dalms 64 to 71 . 
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75. A computer program product Including: 

computer usable medium having computer readable program code and 
computer readable system code embodied on said medium for determining slope 
constraints related to a design configuration for extracting material from a 
particular tocatton within a data processing system, said computer program 
product Including: 

computer readable code within said computer usable medium for 
performing the method as claimed in any one of claims 64 to 71 . 

76. Apparatus adapted to determining a schedule for extraction of clump(8X 
the apparatus Including: 

first means for detemnlnlng a period of time corresponding to at least a 
portion of the dump(s). and 

second means for asdgning the period of time to the portion of dump(s). 

77. Apparatus adapted to determining an extraction order of bloclc(s) from 
corresponding dump schedule, the apparatus Including: 

first means for performing the method as claimed in any one of claims 64 

to 67, 

second means for determining which portion(8> of dump(s) have been 
assigned the same period of time, and 

third means for Joining together blocks located In the portion(s) Kiavlng the 
same period of flme* 

78. Apparatus induding a processor means adapted to operate In accordance 
with a predetermined instructlph set, 

said apparatus. In conjunction with said instruction set, being adapted to perform 
the method as daimed in any one of daims 64 to 71 . 

79. A method as claimed in any one of dalms 1 to 5, 10 to 16, 25 to 30, 35 to 
43» 49 to 57 and 64 to 71, substantially as herein described with reference to the 
accompanying drawings. 
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80. Apparatus as daimed In dalm 6. 32, 46, 47, 60, 61 or 76 to 78, 
substantially as herein described with reference to the accompanying drawings. 

81. A system as claimed in any one of dalms 17 to 23, substantially as herein 
described with reference to the accompanying drawings. 



